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Dynamic, Perceptually-constant Beamformer 
ABSTRACT 
 Acoustic beamformers enhance a signal of interest located at a discrete point in space 
using microphone array processing. Pre-measured array transfer functions (ATFs) recorded on a 
user or on the head of a dummy result in beampatterns that are maximally directive and perform 
well across different room types. However, such beampatterns do not suppress noise uniformly 
in each individual direction. When the beam is steered dynamically, there is a perceptually 
degrading and distracting change in noise level.  
This disclosure describes techniques to jointly optimize a beampattern to enhance the 
sound coming from a given direction while maintaining a constant suppression of sounds coming 
from other directions; to maintain a constant suppression for each given beam-steering direction; 
and to relieve constraints on beamformer optimization such that the variation in beamformer 
sidelobes between steering directions is perceptually minimal.  
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BACKGROUND 
 Acoustic beamformers enhance a signal of interest located at a discrete point in space 
using microphone array processing. Some beamformers comprise a set of optimally pre-
computed coefficients, while others are adaptive, e.g., recompute optimal coefficients on-the-fly, 
based on the acoustic environment. Pre-computed filter coefficients for beamformers, such as the 
maximum directivity beamformer, can be built under the assumption that noise can come from 
any direction equally. These are not optimized or adapted for specific rooms. Fully-adaptive 
beamformer techniques frequently underperform in dynamic scenarios due to the changing 
nature of reflections in rooms, e.g., caused by moving people or moving arrays.  
 When computing maximum directivity beamforming filters for head-mounted devices, it 
is optimal to use pre-measured array transfer functions (ATFs) recorded on a user or on the head 
of a dummy. This generally results in beampatterns that are maximally directive and perform 
well across many different rooms without knowledge of the room. However, such beampatterns 
do not suppress noise uniformly in each individual direction. Furthermore, the beampatterns can 
suppress noise at different levels depending on the direction the beam is steered towards.  
 An issue with the differences in beampatterns between different steering directions and 
different noise source directions is that when the beam is steered dynamically, there is a change 
in noise level. This change in noise level is perceptually degrading and distracting, especially 
when trying to enhance speech over other sounds. 
 Current beamformers, e.g., maximum directivity index beamformers, minimum-variance 
distortionless-response (MVDR) beamformers, linearly-constrained minimum-variance (LCMV) 
beamformers, generalized sidelobe canceller (GSC) structured beamformers, etc., do not address 
the problem of non-uniform noise suppression. These beamformers either do not consider 
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optimization around sidelobe levels perceptually or for constant value; cannot provide the correct 
constraints; or have not been studied in the context of perceptually-motivated, constant noise-
suppression without filter coefficient adaptation requiring more than just a steering direction. 
DESCRIPTION 
 This disclosure describes techniques to jointly optimize a beampattern to enhance the 
sound coming from a given direction while maintaining a constant suppression of sounds (or 
noises) coming from other directions; to maintain a constant suppression for each given beam-
steering direction; and to relieve constraints on beamformer optimization such that the variation 
in beamformer sidelobes between steering directions is perceptually minimal. Per the techniques, 
the output noise component of a beamformed signal is perceptually steady and consistent even as 
the beam-steering direction changes, and even if the noise source counts and locations change. 
 
Fig. 1: Optimizing a beamformer for uniform noise suppression 
  Fig. 1 illustrates the training of a dynamic, perceptually-constant, uniformly noise-
suppressive beamformer. The array transfer function (ATF) is measured (102) using, e.g., a 
dummy head or a human volunteer wearing a head-mounted device. Alternatively, a best-
performing mixture of many human-based ATF measurements can be used. 
  The ATFs are used to construct beamforming coefficients (104) with the following 
constraints and optimization criteria: 
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● maximize SNR gain; 
● minimize variance in sidelobe response for an individual beam-steering direction; 
● minimize variance in response across individual noise directions of different beam-
steering directions; 
● relieve the minimization on variance based on perceptual threshold and just noticeable 
differences (JNDs), e.g., (as illustrated in Fig. 2) find the point where gain in SNR and 
perceptual spatial quality are jointly maximized; and 
● constrain the beam-steering direction to be of unit gain to assure the lack of desired-
signal coloration.  
 
Fig. 2: Jointly maximizing perceptual spatial quality and SNR gain 
  Fig. 2 illustrates jointly maximizing perceptual spatial quality and SNR gain, per the techniques 
of this disclosure. At maximum directivity, e.g., spatial selectivity, the SNR gain is the highest, but the 
perceptual spatial quality may not be at a maximum. Directivity is also referred to as directivity factor or 
directivity index. Similarly, at constant directivity, e.g., as achieved by an omnidirectional beamformer, 
the SNR gain is relatively low, but the perceptual spatial quality may be relatively high. A beamformer 
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configuration is chosen that jointly maximizes the SNR gain and the perceptual spatial quality. The joint 
maximization can be done over, for example, a weighted sum, a weighted product, or other joint 
optimization criterion of the SNR gain and the perceptual spatial quality. 
 
Fig. 3: A uniformly noise-suppressive beamformer in operation 
 Fig. 3 illustrates a uniformly noise-suppressive beamformer in operation, per the 
techniques of this disclosure. The received N-channel microphone signals are filtered with the N 
beamforming filters (302) for a given steering direction. The filter coefficients are dynamically 
changed for a new beam-steering direction based on a source-tracking module or based on user 
input (304). The filtered signals are summed and output to the user (306). 
CONCLUSION 
  This disclosure describes techniques to jointly optimize the beampattern of an acoustic 
beamformer to enhance the sound coming from a given direction while maintaining a constant 
suppression of sounds coming from other directions; to maintain a constant suppression for each 
given beam-steering direction; and to relieve constraints on beamformer optimization such that 
the variation in beamformer sidelobes between steering directions is perceptually minimal.  
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